




















clearly indicate that such impulses occurred at times other than during
the impedance tests. These voltages are still considered potentially
problematic.

Primary System Deficiencies (Page 30)--It is still my opinion that
the voltages recorded at times other than during the impedance tests are
indicative of deficiencies on the primary distribution system.

Primary Neutral Current Flow (Page 31)--The statement made that
all current returns via the primary neutral system under isolated
conditions would be true if, in fact, there were no grounding
connections on the farm. The presence of even a single grounding
electrode and ground rod on the farm will result in a division of
current flow. Thus, LRCEA's statement and their emphasis that all
current flows over the primary neutral system is not correct. On the
other hand, using a broad spectrum interpretation of primary neutral
system, one could argue that the soil on the farm becomes part of the
primary system grounding by virtue of the grounded conductor. While
that is technically true, we must also recognize that once the current
enters the soil, there is no way to precisely determine the flow paths.
On these particular farms it appears that much of that current flow path
is through the livestock environment.

Impulse Voltage Source (Page 31)--1 disagree with the conclusion
that all impulse voltages were self-generated. The source of this
voltage was supposedly eliminated, yet voltages on the Franze farm
continued to occur. Similarly, if the source was corrected, then there
should have been no impulse voltages on the Nelson farm the following
day. The data did not reflect that this was the case. Thus, LRCEA's
statement and disagreement with Conclusion No. 6 is appropriate and
incorrect.

In conclusion, there are many inconsistencies in LRCEA's response
to the reports which were previously submitted. For whatever reason,
they appear to have chosen to address specific data points and ignore
what was happening at other times. Simply saying that a voltage
occurred during a "non-official test period" does not eliminate the
significance of that voltage. Their apparent attempt to write off all
voltage spikes as being phantom voltages or impulses is likewise
inappropriate. In several instances they mentioned the 22-volt peak
voltage (2.2 actual), but yet use the same argument with peak voltages
of other magnitudes. Simply claiming that a voltage has insufficient
energy to be non-problematic is not sufficient. Testing must be
performed to verify such conditions or the absence thereof. They also
attempt to justify some test data by stating that there were "deliberate
disturbances created by test personnel." If this was done, why were
such activities not logged in the event log for each of the respective
farms?

Their conclusion that there is no difference in cow contact
readings with or without neutral separation is incorrect. However, it
is agreed that properly installed and maintained, the installation of
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the isolation devices will do little or no harm to the system. I do
support the change from a spark gap to either a Ronk Blocker or a
Dairyland electronic switch. Either would provide substantially safer
conditions than a spark gap alone.

The on-farm wiring deficiencies must be corrected for the safety
of persons involved. This is particularly critical on the Nelson farm.

I share the concern with the cutting of transformer pole grounds
on any electrical system. However, as previously noted, I believe that
all the producers are actually asking for is a correction of the
problem. They are resorting to methods which are unsafe but which they
believe helped to alleviate their problems. The test data which had
been presented thus far appear to support the idea that any improvements
achieved by cutting the downgrounds on the transformer poles or other
primary system poles are more imaginary than real, since the tests do
not verify any improvement in voltages with changes in the condition of
the downgrounds.

To reach the conclusion that the report submitted by Agricultural
Systems Engineering reportedly states there are no problems and no
significant impact on the animal environment is incorrect. We do
identify specific instances, specific tests, specific locations, and
specific voltages which appear to be of a non-problematic magnitude.
Such statements should not be interpreted as meaning that we believe
there are no problematic voltages on the farm under any circumstances.
That is incorrect. We will stand by our original conclusions that under
conditions of neutral interconnections there are problematic voltages on
these farms and the source, most probably, is the primary neutral
system.

LETTER FROM HAROLD A. CLOUD

Mr. Cloud is correct that in general a stray voltage or an
extraneous voltage is one within the animal environment. We can have
stray voltage without having a problematic current flow through the
animal body pathway. Our challenge is to determine if any stray voltage
or extraneous voltage which is present does, in fact, come from a source
or is being produced by a source that has sufficient energy to cause
current flow through the body of an animal.

To discount as "unsubstantiated conjecture and speculation" a
situation where there is "no voltage" between the animal contact points
but a problem exists is incorrect. That is analogous to saying that
just because there is little or no voltage between a neutral conductor
and reference ground, there is no current flowing through that
conductor. Many people have been injured thinking that a neutral is
only a "ground" only to find that sUbstantial current is, indeed, being
carried on that conductor. There have been instances of severe burning
when individuals thought a "grounding" conductor was nothing more than a
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safety conductor. Faults in the system had resulted in substantial
current flow and when the conductor was cut or contacted, arcing
occurred, resulting in severe burns.

Since preparation of our report in June 1992, I have had the
opportunity to do additional investigation of the phenomenon where I
find current flow with little or no measurable voltage. The most recent
instance was in Wisconsin where I had current flows of 6 - 16 mA with
voltages of less than 0.2 Vac between the gutter and the waterline. The
voltages from the gutter and the waterline to a reference ground
substantiated or verified the voltage difference between the two points
was relatively small. However, the voltage from either point to a
reference ground was of a higher magnitude. I do not recall the exact
number. Because of the reaction of the animals observed both by myself
and the dairyman (synchronized tail-switching by 30 - 40 cows), I
elected to do additional testing for current. Using a clamp-on
milliammeter, as well as two different brands and models of VOM's with
milliamp measuring capabilities, I was able to verify that, in fact,
current was flowing between these two points despite the absence of any
voltage which would generally be considered problematic.

When we measure voltage, we assume that the voltage difference
between the two points of concern is the driving force. In this
instance, the driving force is at another location and what we are
actually measuring is voltage drop through the conductor between the two
points. This is analogous to the voltage drop one would measure along a
neutral or phase conductor which is carrying current. Particularly with
the neutral, the voltage between any two points would be relatively
small assuming a short distance of 4 - 6 ft, i.e, a cow step length,
because of the relatively low resistance of the conductor. Similarly,
the voltage measured to the ground would be fairly small because we have
a "grounded" conductor, i.e., the neutral. However, that does not
eliminate the fact that current is flowing in this neutral conductor.
Thus, we are measuring voltage drop rather than driving force voltage.

Mr. Cloud is correct that I do not consider a voltage of 6 - 6.5
Vac to be a "limited voltage." Recognize that those are his terms and
his apparent attempt to interpret a situation that he has not personally
encountered or documented.

I concur with Mr. Cloud that Ohm's Law is held to be a certainty
which holds true in all instances. I have never stated that Ohm's Law
did not apply. I simply stated that there were situations which I still
did not understand, which would suggest that Ohm's Law doesn't apply. I
continue to search for solutions and believe that I have now found a
plausible explanation as to why these situations are occurring. The
most important aspect of this finding is that when we are unable to find
voltage in an animal environment but we either observe or the farmer or
dairyman has observed cow behavior that suggests problems, it becomes
imperative for us to measure and document current.
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As stated previously, failure to check for both voltage and
current is analogous to simply saying that because the voltage between a
neutral conductor and the ground is near zero, that it is not carrying
any current. We know from electrical circuit theory that with a 115­
volt circuit, that is absolutely not true. Mr. Cloud suggested that it
would be appropriate to document the source. In one instance, which
involves a lawsuit in Wisconsin and is currently involved in litigation,
the source of the current was an underground primary distribution
conductor with exposed concentric neutral. We were able to convince the
utility company that this conductor should be replaced with overhead
conductors. Though current in the barn has since been eliminated, it is
interesting to note that when they removed the conductor, they found
that sections of the exposed concentric neutral were completely gone due
to corrosion. Thus, the only path the primary neutral current had was
to flow through the soil.

DAN E. MAIRS, P.E., LETTER

As you are aware, I was not present at the May 21, 1993 PUC
meeting referenced in this letter. Thus, I cannot attest to the
statements which were made regarding ground impedance. It remains a
fact that improved grounding, i.e., lower ground rod resistance, is
always beneficial from a safety perspective. My concern, and I suspect
one which you voiced and one to which Mr. Mairs is referring, was that
lowering the on-farm grounding resistance is not always a solution to
extraneous voltage problems. There have been instances, and I suspect
there will be more in the future, where people are convinced that the
total solution to all voltage problems is additional grounding. It is
important that all farms be grounded to the point of meeting NEC minimum
safety standards. However, arbitrarily driving additional ground rods
to lower the on-farm grounding resistance without properly diagnosing
the source of the voltages can result in additional current flow from
the primary system onto the farm and lead to an increase in problems
rather than the hoped-for decrease.

The second item in Mr. Mairs letter suggests that, perhaps, he
misheard what was being stated. I'm certain that when you were talking
about 50 - 100 ft. separation distances it was between the primary and
secondary ground rods when we are attempting to achieve separation of
the primary and secondary systems. Obviously, the separation distance
between the transformer and the meter has little influence on voltages
other than as it relates to voltage drop on the service conductors
between those two points. The NESC and the NEC both specify a minimum
separation distance between ground rods that are not bonded together of
6 ft. This is done for safety reasons since few people can reach
conveniently between two points 6 ft. apart.

The Codes do not specifically address function of the system.
When we are attempting to optimize the performance of multiple ground
rods, i.e., ground rods connected in parallel, they should always be
separated by a distance that is at least equal to the combined length of
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the individual ground rods. For example, two 8-ft. ground rods should
be separated at least 16 ft. One 8- and one 10-ft. ground rod should be
separated at least 18 ft. and two 10-ft. ground rods should be separated
at least 20 ft. This is to reduce the overlapping or interaction of the
cylindrical volume of soil around each ground rod through which most
current dissipation occurs.

If the combined length of the two ground rods is the minimum
separation distance for function, the question then arises as to what
distance is necessary for isolation. We know that under the right set
of soil and moisture conditions, earth coupling can occur. Thus,
although there is no standard in place, in consultation with other
engineers, it has been generally agreed that where we are looking for
separation of ground rods and reduced or minimized interaction, the
separation distance should be at least 1.5 times the combined lengths of
the ground rods. Thus, two 8-ft. ground rods should be at least 16 x
1.5 or 24 ft. apart. Two 10-ft. ground rods should be at least 20 x 1.5
or 30 ft. apart. Separation distances of two or three times the
combined length would yield even more assurance that earth coupling
would not occur. Such seems to be the basis for the questions and the
probable statements you made regarding separation of ground rods.

Certainly, there are design limitations on secondary voltage drop.
The recommendation for all agricultural facilities is a 2% maximum
voltage drop between the transformer and the service panel. Voltage
drop is a function of conductor length, conductor type, conductor
material, and current flow. The NEC recommends a maximum 5% voltage
drop in order to assure proper function of all electrical equipment,
minimal blinking of lights during equipment starts, etc. Recognize that
if we are looking for a total of 5% voltage drop as recommended by the
NEC and we use the total 5% between the transformer and the service
entrance, we either have no design capabilities beyond the service
entrance panel, or we will exceed the NEC guidelines. For example,
branch circuits, feeders, etc., all require and will encounter some
voltage drop. The recommended 5% is from the transformer to the most
distant load. Thus, designing for 2% voltage drop between the
transformer and the service panel means we have 3% remaining to use in
making design decisions on sizing conductors for individual loads within
the installation. The combination of designing for 2% voltage drop and
limiting the secondary neutral current to 5 amps or 5% of the phase
conductor current will effectively eliminate the vast majority of
extraneous voltage problems associated with or caused by secondary
neutral voltage drop. The remaining factor, of course, is to assure
that we have good connections used at all locations. A single bad
connection can add more resistance to a circuit than several hundred
feet of conductor.

The recommendation to have the resistance of a ground rod be 25
ohms or less is consistent with the requirements of the NEC (250-84).
The NEC requires that if a single grounding electrode does not have a
resistance of at least 25 ohms, it must be augmented by at least one
additional electrode of some type as specified in various sections of
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the Code. The low resistance will help assure proper operation of
overcurrent protection devices such as fuses, circuit breakers, etc., in
the event of fault current. Hence, the requirement of the NEC.

The NESC recognizes that on a multi-grounded system the influence
of anyone ground rod is relatively small compared to the overall
impedance of the total system. Thus, they do not set specific rod to
soil resistance requirements.

Wisconsin takes a different approach. The Wisconsin state
Electrical Code requires, like the NEC, that the individual ground rods
have a resistance of 25 ohms or less or be paralleled with at least one
additional ground rod. There are some different interpretations ,
gradually being slipped into the application of this particular rule.
Its most stringent interpretation was when the Wisconsin requirements
for primary system grounding were similar to the NESC, i.e., four
grounds per mile. With the present Wisconsin requirement for nine
grounds per mile, the soil to rod resistance requirements are being
reduced in many instances.

other requirements of the NESC can be found in Section 94 which
states: "The grounding electrode shall be permanent and adequate for
the electrical system involved." This leaves a great deal of room for
interpretation by the individual making this specification or
installation. Another part of the NESC (92.D) states that "Ground
connection points shall be so arranged that under normal circumstances
there will be no objectionable flow of current over the grounding
conductor." The Code then lists several alternative methods which can
be used to eliminate objectionable currents. This, of course, relates
not only to the resistance of the ground rod, but also to the separation
distances.

I have checked the impedance of many electrical systems throughout
my career. Systems with resistances of less than two ohms are less
prone to having problems or causing on-farm electrical problems than
those with higher resistance. However, as we found with both the Nelson
and Franze farms, low system impedance does not guarantee a problem-free
installation. This seems to be most related to the existence of poor
connections or sections of high resistance conductor between a subject
farm and a substation. The 2-ohm impedance value is actually a
recommendation from Dan Dasho of the Wisconsin Public Utilities
Commission. Dan, like myself, has done a great deal of testing of
primary system impedances and has concluded that having the system
impedance below 2 ohms will generally minimize the risk of problems.
Low values do not guarantee freedom from problems.
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CONCLUSIONS

The three documents reviewed in preparing this report all suggest
a need for more effective communications between the various individuals
involved in conducting electrical tests and evaluating electrical test
data. Improved data presentation methods would be helpful. As is often
the case, we cannot cite specific industry standards for a
recommendation. In contrast, through experience we develop what's
become accepted as good operating procedures or simply good practice.
It is not uncommon to hear individuals speak of good practices vs. Code
minimums. In general, we all agree such improvements are justified when
they can be made cost-effectively and can be shown to enhance safety and
system performance. Our concerns begin to arise when we find ourselves
in a confrontational situation and wish to defend our position for
something that we have done, or perhaps not done, in the past, or when
we are accused of causing problems for others.

We must caution that in all instances we must remain realistic in
our expectations. This applies to performance of the primary and
secondary systems alike. As with most things we do in life, there is a
compromise that must be made between what we would like to have and what
is acceptable, realistic, and practical. We would all like to have zero
voltage emanating from the electrical system, both in terms of
electromagnetic fields, ground currents, etc. Perhaps unfortunately, if
we wish to have the benefits of electrical energy to enhance our
lifestyles we must make a compromise as to what is acceptable in terms
of EMF and current flow through the soil. We cannot have a safe system
without having some of the other situations or side effects exist.
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100 0 1 2 0 , 4 2 4 3 2 I 0 00 00 000 000 4/0 4/0 250 300 300 350 400 400 500 500 600 600 600

115 00 0 1 00 0 3 1 4 3 2 I 0 00 000 000 4/0 4/0 250 300 300 350 400 500 500 600 600 600 700 100
130 000 00 0 000 00 2 0 3 2 I 0 00 000 000 4/0 250 250 300 300 350 400 500 500 600 600 700 100 150 800
150 40 000 00 40 000 1 00 2 2 I 00 000 000 4/0 250 250 300 300 350 400 500 500 600 600 100 750 800 900 900
175 40 000 40 0 000 2 I 0 00 000 4/0 250 300 300 350 400 400 500 600 600 100 750 800 900 900 1M
200 250 40 250 00 40 I 0 00 000 4/0 250 300 300 350 400 400 500 600 600 700 750 900 900 1M

225 300 250 300 000 250 I 0 00 000 4/0 250 300 350 400 500 500 500 600 100 150 900 1M 1M
250 350 300 350 40 250 0 00 000 4/0 250 300 350 400 500 500 500 600 700 750 900 1M
275 500 350 500 4,0 300 0 00 000 4/0 250 300 400 400 500 500 600 600 750 900 1M
300 500 400 500 250 350 00 00 000 250 300 350 400 500 500 600 600 100 800 900 1M

325 600 500 600 300 400 00 000 4/0 250 300 400 500 500 600 600 700 750 900 1M
350 700 500 700 300 500 00 000 4/0 300 350 400 500 600 600 700 150 800 900
375 700 600 700 350 500 000 000 4/0 300 350 500 500 600 100 700 800 900 1M
400 900 700 900 400 600 000 4/0 250 300 400 500 600 600 700 150 900 900

.. .. See footnotes common to all selection tables
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